Background. Human papillomavirus (HPV) vaccination uptake remains lower than other recommended adolescent vaccines in the United States. Parental attitudes are important predictors of vaccine uptake, yet little is known about how they have changed over time.
Human papillomavirus (HPV) vaccine was recommended for routine administration to adolescent females in 2006 and to adolescent males in 2011 in the United States, yet vaccine uptake lags behind other recommended adolescent vaccines [1] . For example, in 2015, only 63% of females aged 13-17 years, and just 50% of males, had received at least 1 dose of HPV vaccine compared with overall coverage of 86% for the tetanus booster (Tdap) vaccine and 81% for the meningococcal ACWY vaccine [2] . Although HPV vaccine uptake has increased over the past decade, series completion rates are still far below the Healthy People 2020 goal of 80%, at 42% among females and 28% among males in 2015 [2, 3] .
Despite evidence that HPV vaccines are safe and effective [1, [4] [5] [6] [7] , and extensive efforts to effectively communicate the value of HPV vaccines [8, 9] , parental concerns about HPV vaccination contribute to their delay or refusal to vaccinate their children [10, 11] . Questions remain about whether and to what degree parental vaccination intentions and reasons for HPV vaccine hesitancy have changed over time. Little research has examined the differences between parents of adolescent females and males or between parents of adolescents who are unvaccinated and undervaccinated (ie, those who have initiated, but not yet completed the series). Understanding how vaccination intent and reasons for hesitancy have changed over time can inform healthcare providers' and public health practitioners' understanding of the impact of efforts to improve HPV vaccine uptake, why a large proportion of teens remain unvaccinated or undervaccinated against HPV, and how best to tailor messaging to address the changing landscape of concerns going forward. Thus, we aimed to (1) characterize parents' vaccination intentions and assess the degree to which parental intentions have changed over time; (2) identify the most common reasons for vaccine hesitancy among parents with low intent to vaccinate and assess changes in reported reasons over time; and (3) investigate differences in parental attitudes and concerns between parents of adolescent females and males for both unvaccinated and undervaccinated teens.
METHODS

Data Source
We analyzed the National Immunization Survey-Teen (NIS-Teen) public use data for the 6 surveys conducted between 2010 and 2015 [12] [13] [14] [15] [16] [17] . NIS-Teen is an annual cross-sectional survey of parents of noninstitutionalized, US-resident adolescents aged 13-17 years sponsored by the Centers for Disease Control and Prevention. The primary aim of NIS-Teen is to ascertain nationally representative vaccination coverage rates for recommended adolescent vaccines.
NIS-Teen also collects data to understand parental knowledge about, intent to receive, and attitudes toward vaccination. Randomdigit dialing is used to identify eligible households. Data are collected using phone interviews and linked provider reports to verify vaccination history, weighted to account for the complex sampling design and response rates, and stratified by geographic area of residence. Detailed methods have been published elsewhere [18, 19] . The University of Minnesota Institutional Review Board deemed this research exempt from review.
Participants
Eligible participants included teens whose parents responded to one of the 2010-2015 NIS-Teen surveys and had healthcare-provider confirmed HPV vaccination status (ie, adequate provider data), had not yet completed the HPV vaccination series (ie, received <3 recommended doses), and were residents of one of the 50 US states or Washington, D.C. (Figure 1 ).
Exclude teens:
For whom there was no response to the question on vaccination intent (n =15 591) Our analysis of parental vaccination intent included all eligible teens except those for whom there was no response to the vaccination intent question. Our analysis of parental reasons for vaccine hesitancy included those whose parents reported low vaccination intent and provided a primary reason for hesitancy.
Measures
HPV Vaccination Status
HPV vaccination status was determined by healthcare provider documentation. Teens were categorized as unvaccinated if they had not received any HPV vaccine (0 doses) and undervaccinated if they had received 1 or 2 doses of HPV vaccine. Note that during the period all 2010-2015 surveys were conducted, 3 doses were required for teens to be considered fully vaccinated per Advisory Committee on Immunization Practices (ACIP) recommendations [1, 20] .
Parental Intent to Vaccinate
Parents who reported that their teen was unvaccinated or undervaccinated against HPV were asked: "How likely is it that [teen] will receive HPV shots in the next 12 months?" Response options included a 4-point Likert-type scale ranging from "very likely" to "not likely at all, " and "not sure/don't know. " Parents who were "not too likely" and "not likely at all" were classified as expressing low intent, while parents who were "very likely" and "somewhat likely" were classified as expressing high intent. Table 1 ).
Reasons for HPV Vaccine Hesitancy
Sociodemographic Factors
To account for potential confounding factors identified in previous studies [21] , models were adjusted for the following variables categorized as shown in Table 1 : teen age in years at interview, teen race/ethnicity, household income, maternal education, teen history of being uninsured since age 11, and US census region.
Statistical Analyses
We fit multinomial logistic regression models for both outcomes (parental intent and parental reason), separately by teen sex and HPV vaccination status, adjusting for multiple sociodemographic factors. We used marginal standardization to estimate weighted, adjusted, predicted percentages for categories of parental intent and the 5 most common reasons for parental hesitancy by teen sex and vaccination status strata [22] . We used the delta method to estimate 95% confidence intervals (CIs) and to assess whether changes in the weighted, adjusted, predicted percentages between 2010 and 2015 for parents of females and between 2012 and 2015 for parents of males (corresponding to the years during which HPV vaccination was recommended for routine administration for males) were significant. We used the same approach to determine whether the model-based estimates from 2015 significantly differed between parents of males and females. All hypothesis tests were 2-sided, with an a priori significance level of P < .05. SAS version 9.4 software (SAS Institute, Cary, North Carolina) was used for data management and crude estimation of weighted percentages. Multivariable models and hypothesis tests were run using Stata version 14 software (StataCorp, College Station, Texas). Figures were generated using R version 3.4.1 software (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Participant Characteristics
Of the 76 971 teens who were eligible for the parental intent analysis, 63.0% were male, 58.8% were non-Hispanic white, 86.7% had not received any doses of HPV vaccine, and their median age was 14.4 years. Of the subset of 28 101 teens who were eligible for the reasons analysis (ie, whose parent had low intent to vaccinate and reported 1 of the 5 most common reasons for hesitancy), the teens were 65.1% male, 66.4% non-Hispanic white, 94.2% unvaccinated, and had a median age of 14.5 years. Additional demographic characteristics are shown in Table 1 for each analysis, by teen sex and HPV vaccination status. Among unvaccinated and undervaccinated teens who were eligible for the intent analysis, the percentage of unvaccinated teens decreased between 2010 and 2015, from 91.7% to 66.9% among females and from 99.6% to 72.7% among males. In each year, a larger percentage of males were unvaccinated compared with females.
Analyses Among Parents of Unvaccinated Teens
Vaccination Intent
In each year, the percentage of parents of unvaccinated teens reporting that they were "not likely at all" to vaccinate their teen against HPV was significantly higher than any other reported level of intent ( Figure 2 ). Between 2010 and 2015, there was a significant decrease in the percentage of parents of females who were "not likely at all" to vaccinate (from 41.5% to 31.2%; 10.3 percentage point decrease [95% CI for the difference, -13.9 to -6.6]), and a significant increase in those "somewhat likely" to vaccinate their teens (from 16.3% to 22.0%; 5.7 percentage point increase [95% CI, 2.7-8.7]) ( Table 2) . Between 2012 and 2015, there were no statistically significant changes in parental intent to vaccinate among parents of males (Table 2 ). In 2015, parents of females (vs males) were significantly more likely to report that their teen was "very likely" to be vaccinated (3.5 percentage point difference [95% CI, .1-6.8]), and parents of males (vs females) were significantly more likely to report that their teen was "not too likely" to be vaccinated (4.4 percentage point difference [95% CI, 1.2-7.6]) ( Table 3) . Confidence intervals and P values derived using the delta method.
Reasons for Hesitancy
Among parents of both male and female unvaccinated teens, the most prevalent reason for HPV vaccine hesitancy in 5 of the 6 years analyzed was due to the belief that the vaccine was not needed or necessary, including in 2015 ( Figure 3 Figure 3 and Table 2 ). The percentage of parents of males reporting "safety concerns/side effects" as their main reason significantly increased from 7.3% to 14.8% between 2012 and 2015 (7.5 percentage point increase [95% CI, 4.5-10.5]) ( Figure 3 and Table 2 ). Of note, parents of males were significantly less likely to cite a lack of provider recommendation or a "lack of knowledge" as their primary reason for hesitancy over the time period examined ( Table 2 ). Parents of females were significantly less likely to cite a lack of a provider recommendation as their primary reason and significantly more likely to report that that their teen was "not sexually active" or that they had safety concerns than parents of males (Table 3) . Weighted percentages for all 26 reasons for hesitancy among parents of unvaccinated teens are included in Supplementary Table 2 .
Analyses Among Parents of Undervaccinated Teens
Vaccination Intent
Parents of undervaccinated females most commonly reported that they were "very likely" to vaccinate their teens in all years except 2012, when "somewhat likely" was more prevalent (Figure 2 Table 2 ). There were no statistically significant differences in vaccination intent between parents of undervaccinated males vs females in 2015 (Table 3) .
Reasons for Hesitancy
Among parents of undervaccinated teens, for both males and females, the most prevalent reason for hesitancy varied over time without a consistent pattern (Figure 3 ). In 2015, the 2 most commonly reported reasons for parents of either sex were that the HPV vaccine was "not needed/necessary" or that it was "not recommended, " though the CIs for these and other reasons overlapped. The proportion of parents of undervaccinated females reporting that their teen was "not sexually active Table 2 ). There were no statistically significant differences in reasons for hesitancy between parents of undervaccinated males vs females in 2015 (Table 3) . Weighted percentages for all 26 reasons for hesitancy among parents of undervaccinated teens are shown in Supplementary Table 3 .
DISCUSSION
Understanding changes in parents' HPV vaccination intentions and reasons for hesitancy is key to assessing the impact vaccine uptake interventions have had and providing evidence for the design of future interventions to increase uptake. In our analysis of multiple years of a large, nationally representative survey, we found that among teens who had not completed the 3-dose HPV vaccination series (as recommended for all teens at the time of the surveys), the majority remained completely unvaccinated, though the percentage that had initiated but not completed the vaccination series increased from 2010 to 2015. Of particular concern is that a large proportion of parents of unvaccinated teens reported that they were "not likely at all" to vaccinate their teen against HPV in the future. While this response declined significantly over time among parents of females, it remained the most common response across all years for both males and females, suggesting that, despite national recommendations, many parents are not likely to initiate the HPV vaccine series without additional intervention. Parental intent, however, was somewhat higher among parents of unvaccinated females than among males, with a statistically higher percentage of parents of females (vs males) reporting they were "very likely" to vaccinate. Several of the most prevalent parental reasons for HPV vaccine hesitancy identified in this study are similar to those described in previous studies [23] [24] [25] [26] [27] . However, our analysis presents the most comprehensive and nuanced longitudinal assessment to date. By quantifying how and the degree to which reasons for hesitancy have varied over time for both parents of unvaccinated and undervaccinated teens and by teen sex, we present evidence directly relevant to understanding how best to increase intent to vaccinate and to improve HPV vaccine uptake among these groups. Among unvaccinated teens, the belief that the vaccine was not needed was the most often reported reason for parental hesitancy in most years analyzed, and the percentage of parents of unvaccinated females citing this specific reason significantly increased over time. This finding suggests that parental misconceptions about the importance of vaccination against HPV persist and are not adequately addressed by ongoing efforts. We noted 2 parallel trends among reasons for not vaccinating males, a decrease in the percentage of parents citing a lack of a provider recommendation, and a decrease for "lack of knowledge. " These changes are likely due largely to greater parental awareness of HPV recommendations and benefits for males. However, consistent with previous research, we also found that parents of unvaccinated females reported a lack of a provider recommendation much less frequently than parents of unvaccinated males, suggesting that providers continue to more consistently make recommendations to females than males, even in 2015-4 years after the ACIP recommendation [9, 28] . Parents of unvaccinated females more commonly voiced concerns about vaccine safety and side effects and a perceived lack of need due to their teen not being sexually active, and concerns about safety significantly increased among parents of males over time, offering opportunities to address these concerns.
Our study is the first to report changes in reasons for vaccine hesitancy among parents of undervaccinated teens. Interestingly, the most commonly reported reasons among these parents were similar to those seen among parents of unvaccinated teens. While previous research finds that follow-up counseling among parents who have declined HPV vaccine is associated with secondary acceptance [29] , our findings highlight the additional importance of follow-up HPV vaccination counseling with parents even after initiation, as these parents may still have concerns that should be addressed to support vaccination series completion. Of particular note is that a substantial proportion of parents cited HPV vaccine not being recommended as their main reason for hesitancy. This could reflect gaps in knowledge about vaccination recommendations and logistics, as others have found that the number and timing of doses are often missing components in provider-parent HPV vaccination discussions [9] . Proactively discussing HPV vaccination with parents after initiation [30] , providing reminders by mail, phone, and electronically, scheduling visits for subsequent doses at the time of series initiation [30, 31] , and reducing missed opportunities to administer HPV vaccine during other types of healthcare visits (eg, acute care) [32] could reduce parental hesitancy and emphasize that additional doses are recommended, thus increasing series completion. The change in 2016 from a 3-dose to 2-dose HPV vaccine recommendation for adolescents <15 years of age will also help with these efforts [20] .
We analyzed a large, robust, nationally representative survey that combined individual parental reports with documented vaccination status. Our study was limited, however, in that NIS-Teen only assesses reasons for vaccine hesitancy among parents with low intent to vaccinate, and thus findings may not be generalizable to parents with high intent who may still have concerns that impede series initiation or continuation. In addition, we focused our analysis on the 5 most common reasons for parental hesitancy, though future interventions may need to consider a wider range of reasons to develop comprehensive interventions to address concerns. Because parents identified a single reason for hesitancy, we were only able to consider parents' self-reported primary reason, though secondary reasons may also contribute to individual decisions. Future studies should investigate the relative contribution of multiple concerns in HPV vaccine decision making.
CONCLUSIONS
We demonstrate that parental intent to initiate HPV vaccination for their adolescents remains low and, despite improvements in coverage over time, some parents still have significant-yet largely addressable-concerns about HPV vaccination. Our results suggest that parental attitudes may be a larger barrier to HPV vaccination initiation than to series completion, and that different interventions are needed to address both. Many of the common reasons for hesitancy that parents report have persisted over time and reflect modifiable factors that can be addressed [33] . Strong, quality provider recommendations are critical for series initiation [9, 34] , but should be paired with additional strategies such as follow-up counseling and reminder/recall systems to bolster series completion [29] [30] [31] . Additionally, messages to parents should convey the importance of vaccination, including the benefits of on-time vaccination at the recommended age and of series completion, to best protect adolescents from HPV-related cancers.
Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author.
Notes
